Existence and alpha 1-adrenergic stimulation of inositol polyphosphates in mammalian heart.
The concentration-response curves and the time course of the effects of phenylephrine (0.01-100 microM) on force of contraction and on inositol polyphosphates in isolated electrically stimulated perfused rat hearts (Langendorff technique) were studied. A nonradiometric high performance liquid chromatography metal dye detection technique was used to determine absolute concentration masses/changes of inositol polyphosphates in heart. Products measured after separation with high performance liquid chromatography were inositol 1,4,5-trisphosphate (1,4,5-IP3), inositol 1,3,4,5-tetrakisphosphate (1,3,4,5-IP4) and its isomer 1,3,4,6-IP4, inositol 1,3,4,5,6-pentakisphosphate (1,3,4,5,6-IP5), and inositol hexakisphosphate (IP6). 1,4,5-IP3 (significant at 10 microM) and both IP4 isomers (significant at 1 microM) increased after alpha-adrenoceptor stimulation, whereas 1,3,4,5,6-IP5 and IP6 remained unaffected. Phenylephrine had a concentration-dependent positive inotropic effect (significant at 1 microM). All effects were antagonized by the alpha 1-adrenoceptor antagonist prazosin (0.1 microM), indicating receptor-mediated effects. In a time course study 1,4,5-IP3 was the first compound to increase significantly, within 1 min after stimulation; this rise was followed by an increase in 1,3,4,5-IP4 beginning within 2 min. The increase in all other inositol polyphosphates was slower (5-10 min). The increase in the force of contraction started at 2 min. For comparison, the effects of the beta-adrenoceptor agonist isoprenaline were studied. Isoprenaline produced a positive inotropic effect similar to that of phenylephrine, but all inositol polyphosphates remained unaffected. In conclusion, for the first time the existence of 1,3,4,5,6-IP5 and IP6 was observed in the heart. However, the physiological role of these inositol polyphosphate isomers in the heart remains to be elucidated, because, from the time course, they appear to have no acute intracellular second messenger function. Increased inositol polyphosphate turnover may be involved in the mechanism(s) whereby alpha 1-adrenoceptor stimulation produces an increase in myocardial force of contraction. Because the increase in 1,4,5-IP3 precedes and that in 1,3,4,5-IP4 coincides with the increase in the force of contraction, 1,4,5-IP3 may initiate and 1,3,4,5-IP4 may maintain the positive inotropic effect of alpha 1-adrenoceptor agonists.